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0 A semiconductor memory device. 



0 An array of rows and columns of field effect transistors (FETs) provide memory locations for storing data. 
Wj The gate electrodes (6) of the FETs (3) in each row are connected to a respective row conductor (7) and the first 
^ and second main electrodes (4 and 5) of the FETs in each column are connected to respective adjacent column 
^ conductors (8) so that the second main electrodes (5) of the FETs in one column are connected to the first 
O electrodes (4) of the FETs in any adjacent column. Circuitry is provided for storing data at and reading data from 
^ the memory locations. The circuitry includes an arrangement for storing data at a desired memory location by 
00 applying a first predetermined voltage ^^ to a selected row conductor (7) and a second predetermined voltage 
00 yjf to a selected column conductor (8) for establishing within each FET which has its gate electrode connected 
"* to the selected row conductor 7 and one main electrode connected to the selected column conductor 8 an 
O electric field for causing a change in the current conduction characteristics of the part (12a, 12b) of its 
^ conduction channel region adjacent the selected column conductor 8 when the difference between the first and 
III second predetermined voltages exceeds a critical voltage so that data is stored at the desired memory location 

which is provided by the respective part (12a, 12b) of the conduction channel region adjacent the selected 

column conductor of each FET connected to the selected column conductor (8). 
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This invention relates to a semiconductor memory device. 

In particular this invention relates to a semiconductor memory device, comprising an array of rows and 
columns of field effect transistors (FETs) providing memory locations for storing data, each FET having a 
conduction channel region extending between first and second main electrodes and a gate electrode for 

5 controlling conduction along the conduction channel region, and row and column conductors, the gate 
electrodes of the FETs in each row being connected to a respective row conductor and the first and second 
main electrode of the FETs in each column being connected to respective adjacent column conductors so 
that the second main electrodes of the FETs in one column are connected to the first electrodes of the 
FETs In any adjacent column, and circuitry for storing data at and reading data from the memory locations. 

10 US-A-4451904 describes such a so-called floating or virtual earth array in which the field effect 
transistors are in the form of floating gate MOS (FAMOS) transistors while US-A-41 TS'TQI describes such a 
virtual earth array in which the transistors are in the form of MNOS transistors, that is insulated gate field 
effect transistors where the gate Insulating region is provided by a layer of silicon nitride followed by a layer 
of silicon oxide. Data Is stored by the injection of hot electrons from the drain of the transistor into the 

J5 floating gate in the case of US-A-4451904 and into the silicon nitride layer in the case of US-A-41 73791 . 

In such devices each transistor defines a unique memory location and in order to access a particular 
memory location, that is a particular transistor, an appropriate voltage Is applied to the row conductor 
connected to the row of transistors containing the desired memory location while a voltage difference is 
applied across the column conductors connected to the two main electrodes of the selected transistor. So 

20 as to avoid accessing the other transistors in the same row, the column conductors adjacent the column 
conductor connected to one of the first and main electrodes of the selected transistor are held at the same 
potential as that column conductor while the column conductors adjacent the column conductor connected 
to the other of the first and second main electrodes of the selected transistor are held at the same potential 
as that conductor. This is, a potential difference only exists between the first and second electrodes of the 

25 transistors In the selected column. 

Although, such a semiconductor memory device and the above-described access method are accept- 
able for a bulk, crystalline semiconductor structure, they are not suitable for use in thin film technology 
where hot electron injection cannot be used as a mechanism for data storage. 

It is an aim of the present invention to provide a semiconductor memory device which can be fabricated 

30 in thin film technology. 

According to one aspect of the present invention, there is provided a semiconductor memory device 
comprising an array of rows and columns of field effect transistors (FETs) providing memory locations for 
storing data, each FET having a conduction channel region extending between first and second main 
electrodes and a gate electrode for controlling conduction along the conduction channel region, and row 

35 and column conductors, the gate electrodes of the FETs In each row being connected to a respective row 
conductor and the first and second main electrodes of the FETs In each column being connected to 
respective adjacent column conductors so that the second main electrodes of the FETs in one column are 
connected to the first electrodes of the FETs in any adjacent column, and circuitry for storing data at and 
reading data from the memory locations, the circuitry comprising means for storing data at a desired 

40 memory location by applying a first predetermined voltage to a selected row conductor and a second 
predetermined voltage to a selected column conductor for establishing within each FET which has its gate 
electrode connected to the selected row conductor and one main electrode connected to the selected 
column conductor an electric field for causing a change in the current conduction characteristics of the part 
of its conduction channel region adjacent the selected column conductor when the difference between the 

45 first and second predetermined voltages exceeds a critical voltage so that data is stored at the desired 
memory location which is provided by the respective part of the conduction channel region adjacent the 
selected column conductor of each FET connected to the selected column conductor. 

In another aspect, the present invention provides a method of storing data in a semiconductor memory 
device comprising an array of rows and columns of field effect transistors (FETs) providing memory 

50 locations for data, each FET having a conduction channel region extending between first and second main 
electrodes and a gate electrode for controlling conduction along the conduction channel region, and row 
and column conductors, the gate electrodes of the FETs in each row being connected to a respective row 
conductor and the first and second main electrode of the FETs in each column being connected to 
respective adjacent column conductors so that the second main electrodes of the FETs in one column are 

55 connected to the first electrodes of the FETs in any adjacent column, which method comprises applying a 
first predetermined voltage to a selected row conductor and a second predetermined voltage to a selected 
column conductor for establishing within each FET which has its gate electrode connected to the selected 
row conductor and one main electrode connected to the selected column conductor an electric field for 
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causing a change in the current conduction characteristics of the part of its conduction channel region 
adjacent the selected column conductor when the difference between the first and second predetermined 
voltages exceeds a critical voltage so that data is stored at the desired memory location which Is provided 
by the respective part of the conduction channel region adjacent the selected column conductor of each 
5 FET connected to the selected column conductor. 

Thus, in a semiconductor memory device and method In accordance witti the invention data may be 
stored by application of first and second voltages to selected row and column conductors to subject any 
FETs connected to the selected row and column conductors to an electric field sufficient to cause a change 
in the current conduction characteristics (effectively due to a change in the threshold voltage) of the part of 
70 the FET's conduction channel region adjacent the selected column conductor. 

Generally, except at the periphery of the device array, two transistors will be connected to the selected 
row and the selected column conductor which define a unique memory location so that each memory 
location is defined by part of the conduction channel region of each of two adjacent FETs with adjacent 
memory locations being defined by adjacent conduction channel parts. Any charge stored at this unique 
75 memory location will be detectable by virtue of the resulting change in the current conduction characteris- 
tics of the part of the conduction channel region of each of the two transistors adjacent the column 
conductor associated with that memory location. 

Thus, apart from the peripheral FETs, each FET stores information relating to two different memory 
locations and thus stores two different pieces or bits of data. A semiconductor device and method in 
20 accordance with the present invention enables the two bits stored by a single FET to be uniquely accessed. 
Thus, the information is stored so as to be spatially separated, that is the change In threshold voltage, and 
thus the current conduction characteristics, only occurs in the area subject to the applied electric field which 
exists between the gate electrode and the selected one of the first and second main electrodes and in 
practice the electric field at the centre of the conduction channel region will be insufficient to result in a 
25 threshold voltage change so enabling the two bits to be spatially separated. 

Preferably, a semiconductor memory device in accordance with the invention also comprises means for 
reading data from a desired memory location defined by a selected row and a selected column conductor 
by applying a third predetermined voltage to the selected row conductor and by applying predetermined 
voltages to the column conductors such that current flows through any FET connected to both the selected 
30 row and the selected column conductor in a direction In which the level of cun-ent flow is determined 
primarily by the current conduction characteristics of the part of the conduction channel region adjacent the 
selected column conductor and detecting the said cun-ent. 

Data may thus be read by applying a third predetermined voltage to the selected row conductor and 
predetermined voltages to the column conductors so that any change In the cun^nt conduction characteris- 
35 tics due to data being stored at the desired memory location produces a detectable change in the current 
level. 

The data reading means enables these two bits to be separately and uniquely identified. 
Such a semiconductor memory device enables a virtual earth arrangement, which is very compact 
because it requires no separate earth electrode, to be used even when the array is formed in thin film 
40 technology and only one transistor is required per cell or memory location. 

The means for storing data at a selected memory location may be an-anged to apply the first and 
second predetermined voltage for sufficient time and to establish a sufficient electric field within each FET 
connected to both the selected row and the selected column conductor to cause the cun-ent conduction 
characteristics of the part of its conduction channel region adjacent the selected column conductor to be 
45 altered by state creation within the conduction channel region. Such a data storage process may only be 
reversed by annealing at high temperature (180»C for an amorphous silicon thin film transistor array) and 
makes the memory device particularly suitable for use in a PROM (Programmable Read Only Memory). 

In another arrangement, where the field effect transistors comprise Insulated gate field effect transistors 
having a gate insulating region separating the gate electrode from the conduction channel region, the first 
50 and second predetermined voltages may be applied for sufficient time and to establish a sufficient electric 
field within each FET connected to both the row and the selected column conductor to cause the current 
conduction characteristics to be adjusted by charge trapping within the gate insulating region. The use of 
such a method has the advantage that the process can be electrically reversed by applying a fifth 
predetermined voltage of opposite polarity to and of a magnitude greater than the critical voltage to one or 
65 more selected row conductors, thereby enabling data to be erased. This allows the formation of an 
electrically erasable and programmable ROM (EEPROM). 

As indicated above, the field effect transistors may comprise thin film transistors and the means for 
reading data stored at a memory location may comprise means for applying a fourth predetermined voltage 
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of the opposite polarity to the second predetermined voltage and to the selected column conductor so that 
the current flow is in opposite directions for reading and writing. In this example the fourth predetermined 
voltage applied to the selected column conductor provides the drain voltage for each TFT connected to the 
selected column conductor. The current through a TFT is more sensitive to changes in the current 

5 conduction characteristics adjacent the drain electrode than adjacent the source electrode because it is of 
course the drain end of the TFT which will pinch off at high drain bias. Accordingly, whether or not there 
has been a change in the conduction characteristics of the TFTs part defining a particular memory location 
can be uniquely determined by applying the fourth predetermined voltage to the selected column conductor 
associated with that memory location so that the TFT main electrodes connected to that column conduclor 

10 form the drain electrodes and then determining whether the current through the TFT at that memory 
location has changed, generally decreased, from what it would have been (in the absence of a change of 
the current conduction characteristics) by, for example, deriving a related voltage signal from the detected 
current and comparing it with a reference voltage. 

A thin film transistor array for such a memory device may be manufactured by providing on an 

J5 insulating substrate a first conductive layer divided into a first series of conductive strips for defining the 
gate electrodes integrally with the row electrodes, providing an insulating layer to cover the first series of 
conductive strips, providing a non-intentionally doped semiconductor layer on the insulating layer for 
defining the conduction channel regions of the thin film transistors, providing a photosensitive masking layer 
over the semiconductor layer, illuminab'ng the photosensitive masking layer through the substrate, removing 

20 the unexposed areas of the photosensitive masking layer thereby exposing areas of the semiconductor 
layer, removing the exposed areas of the semiconductor layer so as to define. In alignment with the first 
series of conductive strips, semiconductor strips for forming conduction channel regions of the TFTs 
exposed areas and providing on the semiconductor layer a second conductive layer as a second series of 
strips extending transversely of the first series for defining the first and second main electrodes of the TFTs 

25 integrally with the column conductors. Such a method requires only two mask steps and does not involve 
any critical alignment procedures. This enables a high packing density to be achieved. 

The second conductive layer may comprise a doped semiconductor layer covered by a layer of metal, 
such as aluminium. 

The second series of strips may be provided after forming the conduction channel regions. 

30 As an alternative, the second series of conductive strips may be provided on the semiconductor layer 
before providing the photosensitive masking layer over the semiconductor layer. This should avoid any 
possibility of contamination of the conduction channel regions by the photosensitive masking layer and also 
should allow all of the layers to be provided on the first series of conductive strips before any further 
masking steps are carried out, which should reduce processing time. 

35 In another example, the transistors may comprise thin film field effect transistors (TFTs) having their 
gate electrodes on one side and their first and second main electrodes on the other side of the conduction 
channel region with the first and second main electrodes being isolated from but overtapping the conduction 
channel region. In such a case, the means for reading data stored at a memory location may comprise 
means for applying a fourth predetermined voltage of opposite polarity to the second predeterrmined 

40 voltage to the other one of the main electrodes of the FET to provide a current flow In the same direction to 
that which would be produced by the second predetermined voltage. In such a case, the two bits stored by 
each transistor can be uniquely detected by applying the fourth predetermined voltage to the column 
conductors so that the current flows in the same direction Ibr both writing and reading, during reading as it 
would have been during application of the second predetermined voltage. In this example, the parasitic 

45 transistors inherent in the TFT structure because of the overiapping of the first and second main electrodes 
with the conduction channel region provide current paths in parallel with the main TFT conduction channel 
region and, by making the current flow in the same direction for both writing and reading, during the reading 
of data the parasitic transistor parallel with the part of the TFT defining the desired memory location is 
switched off while the parasitic transistor in parallel with the other part of the same TFT is switched on or is 

50 conducting so providing a conduction path around the other part of the TFT so that the current detected is 
determined by the current conduction characteristic of the part of the TFT at the desired memory location 
so that again unique detection of the data stored at a particular memory location is possible. 

Embodiments of the invention will now be described, by way of example, with reference to the 
accompanying drawings, in which: 

55 Figure 1 is a schematic circuit layout showing part of a semiconductor memory device in accordance 
with the invention; 

Figure 2 is a top plan view of one example of an array of IGFETs for a semiconductor memory device in 
accordance with the invention; 
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Figure 3a is a cross-sectional view talten in the direction of the line llla-llla In Figure 2 during the 

manufacture of the array shown in Figure 2; 

Figure 3b is a cross-sectional view through part of the array shown in Figure 2 taken along the line lllb- 
lllb in Figure 2; 

5 Figure 4 is a schematic diagram for illustrating a method In accordance with the invention for writing data 
to and reading data from a selected IGFET of the array Illustrated In Figures 2 and 3; 
Figure 5 Illustrates graphically the change in threshold voltage as a function of the voltage applied across 
the gate insulating region of an IGFET of the axray shown in Figures 2 and 3; . 

Figure 6 illustrates graphically the change In threshold voltage across the conduction channel region of a 
10 TFT as shown in Figure 3 as a result of charge trapping within the gate insulating region; 

Figure 7 Illustrates the modelled transfer characteristics of a TFT of the array shown in Rgures 2 and 3 
before and after writing of data to the TFT; 

Figure 8 Illustrates experimentally obtained transfer characteristics of a TFT of the array shown in 
Figures 2 and 3 before and after writing of data of the TFT; 
15 Figure 9 is a cross-sectional view through another type of TFT suitable for use in a semiconductor 
memory device in accordance with the invention; 

Figure 10 Is an equivalent circuit for three adjacent TFTs of the type shown in Figure 9; and 
Rgure 1 1 Illustrates experimental transfer characteristics obtained for the TFT shown in Figure 9. 
Referring now specifically to the drawings, Figure 1 illustrates a circuit layout for a semiconductor 

20 memory device 1 In accordance with the invention. 

As shown In Rgure 1 , the semiconductor memory device 1 comprises an array 2 of insulated gate field 
effect transistors (IGFETs), which in this example (as will be discussed in more detail below) are in the form 
of thin film field effect transistors (TFTs) 3. 

The TFTs 3 each have a first and second main electrodes (otherwise known as source and drain 

25 electrodes) 4 and 5 and a gate electrode 6. The TFTs 3 are arranged in rows and columns so that the gate 
electrodes 6 of the TFTs 3 in each row are connected to a respective row conductor 7 while the first and 
second main electrodes 4 and 5 of the TFTs 3 in each column are connected to respective adjacent column 
conductors 8 so that the second main electrodes 5 of the TFTs 3 in one column are connected to the first 
main electrodes 4 of the TFTs 3 in any adjacent column. Tills Is a so-called virtual earth array (see for 

30 example US-A-41 73791) In which there Is no separate earth connection. The row conductors 7 are 
connected to a row during arrangement 90. 

The row driving arrangement may be of any suitable form. Figure 1 illuistrates schematically one 
possible arrangement. In the example illustrated in Rgure 1, the row driving arrangement 90 comprises a 
shift register and decoder circuit 9 which has first and second inputs 9a and 9b for receiving clock and 

35 read, write or erase control signals. Each row conductor 7 Is connected to one main electrode of each of a 
respective set of four Insulated gate field effect transistors 91 , 92 93 and 94 all of which have their gate 
individually connected to the shift register and decoder circuitry 9. The other main electrodes of the 
transistors 91 , the transistors 92, the transistors 93 and the transistors 94 are connected to respective ones 
of first, second, third and fourth conductors 91 a, 92a, 93a and 94a to which, as will be explained below, 

40 voltage signals are applied to enable writing, reading or erasing of data from the semiconductor memory 
device under the control of logical inputs to the shift register and decoder circuit 9. 

The column conductors 8 are similarly connected to column driver arrangement 100 which again may 
be of any suitable form. In the example illustrated In Figure 1 , the column driver an^ngement is similar to 
the row driver arrangement 90 and comprises a shift register and decoder circuit 10 which has first and 

45 second inputs 10a and 10b for controlling its operation. 

Each column conductor 8 is connected to one main electrode of each of a respective set of three 
transistors 101, 102 and 103 each having their gate electrode individually connected to the shift register and 
decoder circuit 10. The other main electrodes of the transistors 101, the transistors 102 and the transistors 
103 are connected to a fifth conductor 101a, a sixth conductor 102a and a seventh conductor 103a, 

50 respectively. The seventh conductor 103a is connected to a negative Input 104a of a charge sensitive 
amplifier 104 while its positive input 104b and the fifth and sixth conductors 101a and 102a are connected, 
in operation, to voltages for enabling writing of data to and reading of data from the semiconductor memory 
device 1 , as will be described below, under the control of clock signal applied to the cislumn shift register 
and decoder circuit 10. The charge sensitive amplifier 104 has its output 0 connected via a capacitor C to 

55 Its negative input 1 04a and serves to convert a current supplied through an accessed column conductor into 
a voltage output which is compared with a reference voltage by a suitable conventional comparator (not 
shown) to determine the nature of the accessed data. The arrangement shown provides a serial data output 
although a parallel data output could be provided with appropriate circuitry. 

6 



EP 0 588 402 A2 



It will be appreciated that although Figure 1 shows only five row conductors 7 and six column 
conductors 8 connected to a 5 x 5 matrix array of TFTs 3, in practice the array nnay be much larger, and 
may be, for example a 3000 by 3000 TFT array. 

The row and column driver arrangements 90 and 100 may be formed on separate substrates from (or 
5 around the periphery of) the array 2 and may be, for example, in the form of polycrystalline silicon thin film 
transistor circuitry. 

As illustrated In Figures 2 and 3, the TFTs 3 forming the array 2 may have a particularly simple 
structure. Thus, the array 2 may be fabricated by first defining on an Insulative substrate 1 1 , which may be 
formed of glass or a suitable plastics material, a pattern of conductive, generally chromium, tracks which 

10 will form in an Integral fashion the gate electrodes 6 and the respective row conductors 7 Interconnecting 
the gate electrodes 6 of the TFTs of each row. 

A thin insulating layer 12, for example a layer of silicon nitride with a thickness of about 50nm 
(nanometres), is then deposited to form the gate insulating regions of the TFTs followed by a layer 13 of an 
intrinsic amorphous semiconductor, in this case amorphous silicon, generally hydrogenated amorphous 

75 silicon, which forms the conduction channel regions of the TFTs 3. The insulating and semiconductor layers 
may be deposited by PECVD (plasma enhanced chemical vapour deposition). A layer of photosensitive 
resist is then deposited over the amorphous semiconductor layer 13 and exposed by back lighting through 
the substrate so that the areas of resist lying over the opaque chromium lines 7 are not exposed. The 
exposed areas of the resist are removed to leave a mask pattern 20. Ttie exposed areas 13a of the 

20 underlying semiconductor are then etched away so that the partially remaining mesa-like strips 13b of 
amorphous semiconductor define conduction channel regions of the TFTs aligned with the chromium row 
conductors 7. 

A layer of doped, In this example n conductivity type, amorphous semiconductor, again in this example 
hydrogenated amorphous silicon, is then deposited followed by a second metallisation level which may be 

25 formed of, for example, chromium or sequential layers of chromium and aluminium. The doped semicon- 
ductor and metallisation layers are then patterned to define strips extending transversely, as shown 
perpendicularly, of the row conductors 7. 

As shown, the definition of the doped semiconductor and metallisation layers may etch the intrinsic 
amorphous silicon slightly so as to ensure isolation of adjacent first and second main electrodes. 

30 Thd steps of defining the conduction channel regions 13b by back illumination and defining the first and 
second main electrodes 4 and 5 may be reversed so that the column conductors 8 are first defined as 
shown in Figure 3b and then the back illumination is carried out as illustrated in Rgure 3a to define the 
conduction channel region 13b. The reversal of these steps has the advantage of avoiding any possibility of 
contamination of the conduction channel region 13b by the photosensitive resist and also allows all the 

35 layers for forming the structure to be deposited onto the first series of conductive strips before any further 
masking steps are required. 

The doped semiconductor regions 14 provide source and drain contact regions on the mesa-like strips 
13b enabling the metallisation to make ohmic contact to the conduction channel regions. In a manner 
similar to the first series of conductive strips the second series of conductive strips defines in integral 

40 fashion the first and second main electrodes 4 and 5 of the TFTs 3 and the associated column conductors 
8. The doped semiconductor regions 14 could be omitted so that the first and second main electrodes 4 
and 5 contact the conduction channel regions 1 3b directly. 

The drive circuitry (row and column decoder/addressing circuitry 9 and 10) may, as indicated above, be 
formed separately using known technology and interconnected with the array using known technology and 

45 will thus not be described further here. 

This process is particularly simple requiring only two separate masks, and because there is no critical 
alignment between the two masks, an array of high density can be achieved. Thus, with present technology 
an array with a bit cell (TFT) size of about 15 y.m by 15wnn (micrometres) should be possible allowing a 
capacity of about 10M bits (IVIegabits) for a finished device having a size comparable to a credit card taking 

50 Into account the area occupied by the drive circuitry. 

The array 2 of TFTs 3 provides memory locations M at which data can be stored and from which data 
can be read. As will become evident from the following description, each row conductor 7 forms with each 
column conductor 8 a unique memory location defined by the part 3a of one of the two TFTs 3 connected 
to that column conductor and that row conductor and the part 3b of the other of the two TFTs connected to 

55 the same row and column conductors. Thus, as shown in Rgures 1 and 4, the nth row conductor 7a and 
mth column conductor 8a define the memory location Mp.m which is provided by the part 3b of the TFT 30 
and the part 3a of the TFT 31 adjacent the mth column conductor. 
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Whether a memory location M^.y stores data representing a logical '0' (zero) or a logical '1' (one) is 
determined by the current conduction characteristics of the TFT parts 3a and 3b providing the memory 
location. 

The current conduction characteristics of a memory location M are determined by voltages applied to 

5 the row and column drive arragnments 90 and 100 as will be discussed in greater detail below. 

In the examples to be discussed below, a memory location is caused to represent a logical 1 by 
applying, via the first and sixth conductors gia and 102a and the approprials transistors 91 and 102, first 
and second predetermined voltages ( + ) and Vjf (-) to to the row and column conductors 7 and 8 
associated with tiie selected memory location Mx,y so as to establish a sufficiently high field within the 

10 respective parts 3a and 3b of the two TFTs connected to both the selected row conductor 7 and the 
selected column conductor 8 that charge trapping occurs within the gate insulating region thereby causing a 
change in the threshold voltage and thus causing a change in the current conduction characteristics of the 
respective parts 3a and 3b of the two TFTs. Where a memory location is to represent a logical '0' then, in 
this example, the first and second predetermined voltages ( + ) and VJ, {-) are not applied to the row and 

76 column conductor combination associated with that memory location. 

Data stored at a given memory location can be read out by applying third and fourth predetermined 
voltages ( + ) and V3 ( + ) to the appropriate row and column conductors 7 and 8 and detecting the 
cunrent flow through the selected column conductor. The third predetermined voltage ( + ) is applied via 
the second conductor 92a and the appropriate transistor 92 selected via the row shift register and decoder 

20 circuit 9 while the fourth predetermined voltage (-*-) is applied to the positive input 104b of the charge 
sensitive amplifier 104 which has its negative input 104 a connected to the seventh conductor 103a. 

For reasons which will be explained below, in this case the selected column conductor forms the drain 
electrode of the two TFTs connected to both the selected row and the selected column conductor 7 and 8 
so that the current flow through the TFTs is in the reverse direction to that for writing data to the memory 

25 location. This reversal of current flow is achieved in this example by making the fourth predetermined 
voltage ( + ) have the opposite polarity to the second predetermined voltage \^ (-) (which is negative In 
this example) and by applying the second and fourth predetermined voltages VSf (-) and ( + ) both to the 
selected column conductor. 

As will become evident from the following description, this procedure enables data to be read from a 

30 unique memory location despite the fact that this memory location is defined by adjacent parts 3a and 3b of 
the two separate TFTs which are connected to the same row and column conductors 7 and 8 in the virtual 
earth arrangement. 

Figure 4 illustrates by means of a simple diagram the manner in which data Is stored and read from 
TFTs of the array 2 shown in Figures 1 to 3. 

35 In Figure 4 part of the array 2 is shown surrounded by three right angled areas labelled W, R and E. 
The outer right angled are W gives the voltages applied by the row and column drivers 90 and 100 to the 
row conductors n-1,n,n + 1,n + 2 and column conductors m-1,m,m + 1, respectively, during an operation to 
write, in this example, data representing a logical '1 ' at the memory location defined by the nth row and mth 
column conductors 7a and 8a to which the adjacent parts 3b and 3a of the TFTs 30 and 31 are connected 

40 while the intermediate right angled area R gives the voltages applied to the same row and column 
conductors 7a and 8a to enable reading of data stored at this memory location Mn.m- The inner right angled 
area E gives the voltages for erasing data. 

In order to write data representing a logical '1' to the memory location Mn,m at the intersection of the 
nth row and mth column, the row and column driver arrangements 90 and 100 ensure that all the row and 

45 column conductors 7 and 8 except the nth row and mth column conductors are at ground (earth) potential 
(which is illustrated in Figure 4 as '0' (zero) volts) by rendering all the transistors 94, except the transistor 
94 connected to the nth row conductor, conducting so as to connect the associated row conductors 7 to 
earth (ground) via the fourth conductor 94a and by rendering all the transistors 101, except the transistor 
101 connected to the mth column conductor 8a, conducting to connect the associated column conductors 8 

50 to ground via the fifth conductor 101a. 

The transistor 91 connected to the nth row conductor 7a is rendered conducting by the row shift 
register and decoder circuit 9 to connect to the nth row conductor to a positive first predetermined voltage 
\^ ( + ) via the first conductor 91a while the transistor 102 connected to the mth column conductor 8a is 
rendered conducting to connect the nth column conductor 8a to a negative second predetermined voltage 

55 (-). These two voltages are thus applied to the gates of the TFTs 30 and 31 and to the second main 
electrode 5 of the TFT 30 and the first main electrode 4 of the TFT 31 , respectively. 

The first and second predetermined voltages are selected such that the electric field established 
thereby within the part 3b of the TFT 30 and the part 3a of the TFT 31 is sufficient to cause charge to be 
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trapped within the corresponding portions 12b and 12a of the gate insulating regions 12 of these two TFTs 
30 and 31. 

Charge trapping from the conduction channel region 13a into the gate insulating region 12 at a given 
position depends only on the electric field across the gate insulating region 12 at that particular position. 

6 The solid line curve X in Figure 5 shows the change in the .threshold voltage AVt as a function of the 
potential (voltage) Vg-VT(y)-V(y) across the gate insulating region where Vg Is voltage applied to the gate 
electrode, V(y) is the conduction channel region potential at position y, VT(y) Is the original unstressed 
threshold voltage at position y and AVy denotes the threshold voltage change in the channel sheet 
conductance at position y. The charge Q(y) injected into the gate insulating region at position y is given by 

10 Q(y) = CinsAVi^y) where Cms Is the geometrical capacitance of the gate insulating region. A memory effect 
is exhibited, that is there is a detectable change in the cun^nt conduction characteristics due to an effective 
charge in the threshold voltage AVjCy) and data is stored, when the voltage across the gate insulating 
region exceeds a critical voltage :Vc: (which may, as shown in Figure 5, be negative Vc(-) or positive Vc- 
( + ))■ 

15 It will of course be appreciated that Figure 5 only illustrates a schematic curve X and that the precise 
relationship between the applied electric field and the change in threshold voltage AVT(y) will depend upon 
factors such as material quality, duration of the writing voltages and the device temperature. 
The first and second predetermined voltages are chosen such that 

20 

- v"N Vc(+) <1> 
g d / 

Vg<^Vc( + ) 

that is such that the difference between the first and second predetermined voltages is greater than the 
positive critical voltage Vc( + ) at which the threshold voltage of the TFT begins to be altered but the 

30 positive first predetermined or gate voltage (+) is itself less this critical voltage Vc and the second 
predetermined or drain voltage V^f (-) is Itself greater (less negative) than the negative critical voltage Vc(-) 
at which the threshold voltage begins to change. This means that the respective magnitudes of the first and 
second predetermined voltages are insufficient to induce a change In the threshold voltage but the 
difference between them is sufficient to generate a high enough field to induce charge trapping. It will of 

35 course be appreciated What to satisfy the conditions given above, the first and second predetermined 
voltages should be of opposite polarities so that as described above in the case of an n channel TFT the 
first predetermined voltage \^ ( + ) is positive while the second predetermined voltage V^i (-) is negative. 

The voltage across the gate insulating regions 12 of the TFTs 30 and 31 will only be sufficient to result 
in charge trapping In the portions 12a and 12b of the gate insulating regions adjacent the main electrode to 

40 which the second predetermined voltage (-) is applied, that is adjacent the second main electrode 5 of 
the TFT 30 and adjacent the first main electrode 4 of the TFT 31. Thus only the part 3a of the TFT 30 and 
the part 3a of the TFT 31 are sufficiently stressed by the application of the first and second predetermined 
voltages (+) and VSf (-) f^ the selected row and column conductors 7a and 8a, respectively, to cause an 
effect on the threshold voltage and thus on the current conduction characteristics. Therefore, as illustrated 

45 schematically in Rgure 4, the data for the memory location Mn,m of the array is represented by charge 
stored at (as viewed in Figure 4) the right hand portion 12b of the gate insulating region of TFT 30 and at 
the left hand portion 12a of the gate insulating region of TFT 31 . This stored charge is illustrated in Figure 4 
by hatching. The part 3a of the TFT 30 and the part 3b of the TFT 31 remote from the mth column 
conductor 8a are unstressed. Indeed, as should be evident to the skilled reader, the part 3a of the TFT 30 

50 defines with the part 3b of the adjacent TFT (not shown in Figure 4) connected to the nth row conductor 7a 
and the (m-1)th column conductor the memory location Mn,m-i while the part 3b of the TFT 31 defines with 
the part 3a of the adjacent TFT 32 the memory location Mn,n,+i. 

The above described procedure can be repeated for other rows and columns enabling data to be stored 
at each memory location M of the array 2. 

55 Figure 4 shows a biriary pattem 
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as having been stored at the part of the array represented therein. 

In order to read the status of a memory location, for example the memory location M„,m as shown in 
Figure 4, all the row and column conductors except the nth row conductor 7a and the mth column 
conductor 8a are connected to ground as described above in relation to the writing operation. 

A positive third predetermined voltage (-•■) is applied to the nth row conductor 7a via the second 
conductor 92a and the transistor 92 associated with the nth row conductor 7a while a positive fourth 
predetermined voltage (+) is applied to the positive input 104b of the charge sensitive amplifier 104 
whose negative Input 104a is connected via the seventh conductor 103a and the appropriate transistor 103 
to the mth column conductor 8a thereby holding the nth column conductor at the fourth predetermined 
voltage. 

The positive fourth predetermined voltage V3 ( + ) provides the drain voltage for the two TFTs 30 and 31 
connected to the selected column conductor 8a and the current flow is in the opposite direction to that 
during writing because the second and fourth predetermined voltages are of opposite polarity. 

The current through a TFT is more sensitive to change in the threshold voltage and thus current 
conduction characteristics adjacent the drain electrode than adjacent the source electrode because, of 
course, pinch-off will occur at the drain end under high drain bias. Accordingly a change in the threshold 
voltage at the part of a TFT adjacent its drain electrode will have considerably more effect on the current 
conduction characteristics than would a change in the threshold voltage at the part of a TFT adjacent its 
source electrode. Accordingly, whether or not charge has been stored at a memory location Mn,,n (in this 
example) defined by adjacent parts 3b and 3a of two adjacent TFTs 30 and 31 can be uniquely detennined 
by making their shared main electrode the drain electrode of each TFT by applying the fourth predeter- 
mined voltage ( + ) to the selected column conductor 8a and detecting any decrease in current. The 
detection of such a decrease in current will, in this exampe, indicate that charge representing a logical '1' 
has been stored at the memory location Mn,,n- The current flowing through the selected column conductor 
8a is detected by the charge senistive amplifier 104 and converted to a voltage which is then compared, 
using a conventional comparator (not shown), with a reference voltage to determine whether the selected 
memory location Mm,n is storing a logical '0' (substantially no change) or a logical '1' (a significant current 
change). 

The third and fourth predetermined voltages should of course be such that the electric fields induced 
within the TFTs connected to the selected row and column conductors are Insufficient to cause a threshold 
voltage change, that Is such that no stressing takes place. TTiis requires that the third and fourth 
predetermined voltages (+) and (-) each have a magnitude less than the critical voltage Vc and that 
the magnitude of the difference between the third and fourth predetermined voltages similarly be less than 
the critical voltage. 

The level of current detected Indicates whether a particular memory location stores data representing, 
for example, a logical '1' or whether no charge is stored at that memory location so that the memory 
location "stores" data representing a logical '0'. Thus, those parts of the two TFTs representing a memory 
location, for example the parts 3b and 3a of the TFTs 30 and 31 representing the memory location Mn,m 
mentioned above, at which charge has been stored (i-e. those representing, In this case, a logical '1') by 
inducing a sufficiently high electric field to cause charge trapping within the portions 12b and 12a of the 
gate Insulating regions of the TFTs 30 and 31 during the writing operation will have a threshold voltage of 
greater magnitude than the parts of the TFTs at which no charge has been stored (i.e. those representing a 
logical '0') and so for fixed values of the third and fourth predetermined voltages and , the current 
flowing through the two TFT parts 3a and 3b of the two TFTs of a memory location at which charge has 
been stored to represent a logical 'i' will be less than that flowing through the con-esponding TFT parts of a 
memory location (e.g. Mn,m+i) at which no charge has been stored. These two levels of current can be 
detected and distinguished as discussed above or using any suitable conventional means. 

As will be appreciated from the above, each bit is stored at a memory location Mx,y (where x = 1, n- 

1, n, n + 1 ... and y = 1 m-1, m, m + 1,...) represented by adjacent parts, generally halves, 12a, 12b of the 

gate Insulating regions of two adjacent TFTs so that each TFT stores information representing two different 
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It will of course be appreciated that the first and last column conductors (8' and 8" In Figure 1 ) will each 
be connected to only one column of TFTs 3 so that the memory locations defined by these column 
conductors 8' and 8" and any of the row conductors 7 will only consist of part (3a in the case of the column 
conductor 8' and 3b in the case of the column conductor 8") of a TFT and so the charge stored at such 

5 memory locations will be proprortlonally less. This could be accommodated by Incorporating additional 
circuitry, for example current mirror arrangements, to scale the current through the column conductors 8' 
and 8" to be equivalent to that through the other column conductors. Alternatively, the first and last column 
conductors could merely be dummy conductors which are not in practice used to define memory locations. 
As Indicated in Figure 4, each TFT 3 is thus used to represent two different bits with the charge 

10 representing one bit being stored by the adjacent parts 12a, 12b of the gate insulating region of two 
adjacent TFTs 3 in the same row and connected to the same column conductor. Although it might appear 
that charge stored on two parts 12a and 12b of the gate Insulating region of the same TFT could not be 
differentiated this is not in practice the case. Thus, the writing operation described above causes any 
charge packets stored by a single TFT 3 to be spatially separated so as to be located at opposite ends of 

J5 the conduction channel region and the reversal of polarity between the second and fourth predetermined 
voltages and enables each of these charge packets to be detected independently. Thus, as discussed 
above, at high drain bias the current through a TFT shows a larger decrease due to charges stored near the 
electrode that acts as the drain of the TFT than due to charges stored near the electrode that acts as the 
source and by reversing the polarity of the voltage between the two main electrodes of the two TFTs, that is 

20 by reversing the polarity between the column conductors to which the TFTs representing a memory location 
are connected, the parts 3a, 3b at which the charge was stored can be detennnlned uniquely by detecting 
whether the current increases or decreases. 

The above-described writing and reading operations have been simulated for a TFT having idealised 
charge trapping characteristics and for which the following characteristics were used. 

25 Gate insulating region thickness dsi,, = 50nm 

conduction channel width to length ratio W/1 = Ijim 
mobility u, = 0.4 cm^V-^S"' 
decades of current per volt S = tO/V 
critical voltage Vc( + ) = 8 volts 

30 aAVT/dVg = 0.3 

first predetermined voltage \^ =4 volts 
second predetermined voltage ^^ =-6 volts 
third predetermined voltage =4 volts 
fourth predetermined voltage =4 volts. 

36 Figure 6 illustrates the writing operation showing by curve a with respect to the left hand axis the 
relationship between the voltage Vg-V(y) across the gate insulating region and the position y along the 
conduction channel region where y = 0 is adjacent one main electrode 4 and y = 1 is adjacent the other main 
electrode 5 of the TFT with the second predetermined voltage VJ' (-) being applied to the other main 
electrode 5. Curves b and c are drawn with respect to the right hand axis and represent the relationship 

40 between the threshold voltage VT(y) and the position y along the conduction channel region before and 
after, respectively, data has been stored at a memory location represented by the part of the conduction 
channel region of the TFT adjacent the main electrode 5 by charge trapping induced by the electric field 
applied across the TFT. 

As shown in Rgure 6 by curve c, during the writing operation the voltage across the gate insulating 

45 region increases from left to right (i.e. from the end of the conduction channel region closest to the 'source' 
electrode 4 to the end closest to the "drain' electrode 5) because of the negative second predetermined 
voltage VJf (-) applied to the 'drain' electrode 5. At a distance of about 0.61 (where 1 is the channel length) 
from the source electrode the critical voltage is achieved and c the threshold voltage alters because of 
the charge trapping induced in the gate insulating region. 

50 Data or charge is thus stored in the part 12a or 12b of the gate insulating region 12 of this TFT adjacent 
the 'drain' electrode 5 (and of course also in the part 12b or 12a of the gate insulating region 12 of the 
adjacent TFT connected to the same row and column conductors). 

To illustrate the reading operation, Figure 7 shows the transfer characteristics (current Id versus gate 
voltage Vg) of the modelled transistor with curves di to d4 being referenced to the logarithmic Isd left hand 

55 scale and curves ei to 04 to the V'sd right hand scale. 

The dashed curves di and ei represent the characteristic before the writing operation. In this 
circumstance it does not matter which of the first and second main electrodes 4 and 5 forms the drain 
electrode because the device is symmetric. 
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The solid lines d2, da, ez and es indicate the characteristic after a writing operation. In the case of 
curves d2 and 62 the fourth predetermined voltage (which is of opposite polarity to the second 
predetermined voltage ) is applied to the same one 5 of the two main electrodes as the second 
predetermined voltage VSf (-) whereas In the case of curves ds and es the fourth predetermined voltage 

5 Is applied to the other one 4 of the two main electrodes. As can be seen from Figure 7 the current above 
the threshold voltage is significantly lower in respect of curves 62 and es than the curves ds and 83 giving a 
correct indication that charge has been stored adjacent the one electrode 5 but not adjacent the other main 
electrode 4. The dotted curves d+ and 6+ illustrate the situation where charge is stored on both halves of 
the TFT and so the device is once again symmetrical. 

10 For comparison purposes Rgure 8 illustrates, on the basis of a graph similar to Rgure 7, experimentally 
obtained transfer characteristics d'l , d'2, d'3 and e'l , e'2, e'3 equivalent to those modelled in Figure 7 where 
the first and second predetermined voltages ( + ) and (-) were 4 and -6 volts respectively and were 
applied for a period of 10 seconds to a TFT similar to those shown in Figure 3 with a gate insulating region 
thickness of 50nm and a conduction channel region width to length w/1 ratio of 138. Again storage of 

15 charge at one half and not at the other half of the TFT can easily be identified. 

The contents of the semiconductor memory device 1 can be completely erased, as shown in Figure 4 
by means of the right angled area or box labelled E, by grounding all the column conductors 8 as described 
above and applying, via the transistor 93 and the third conductor 93a, a negative reset voltage 

^° R 

\r - vd(-) + vt 



(where Vj is the unstressed nominal threshold voltage of the TFTs) to all the row conductors 7. Alternatively 
25 a row-by-row erasing operation is possible if all the row conductors except that of the row to be erased are 
grounded and the reset voltage is merely applied to the row conductor associated with the row to be 
erased. 

The present invention may be applied to TFT an-ays 2 having TFTs of different structure from that 
shown in Figures 2 and 3. The TFTs may have any of the conventional forms, for example coplanar, 

30 staggered, inverted coplanar or inverted staggered forms. 

Figure 9 is a schematic cross-section through an inverted staggered TFT 3' of the so-called type B 
form which may be used in a semiconductor memory device in accordance with the invention, 

As shown In Figure 9, the gate electrode 6 provided on the Insulative substrate 1 1 is covered by the 
gate insulating region 12, which again may be formed of silicon nitride and an Intrinsic semiconductor layer 

35 for forming the conduction channel region 13. Again the intrinsic semiconductor layer may be formed of 
hydrogenated amorphous silicon. In this structure a passivating region 16, for example formed of silicon 
nitride, is provided over the conduction channel region 13 before the source and drain contact regions 14 
and electrodes 4 and 5 are formed. The source and drain electrodes 4 and 5 thus overlap slightly with the 
passivating region 16 which may result in parasitic transistors in the overlap regions 16a and 16b with the 

40 passivating layer 16 forming the gate insulating region of the overlap parasitic transistors. 

Figure 10 shows an equivalent circuit for three adjacent TFTs 30", 31' and 32' of the type shown in 
Figure 9 in which transistors T4 and T5 represent the overlap parasitic transistors while transistors Ti , T2 
and T3 represent the main conduction channel region 13 TFT with transistors Ti and Tz representing the 
portions of the main transistor beneath the overlap regions 16a and 16b, respectively. The three TFTs 30', 

45 31 ' and 32' are all in a single row, say row n, of the 2-D matrix array of a semiconductor memory device in 
accordance with the invention having the circuit layout shown in Figure 1. In order to store data at the 
memory location M^,„ which is defined by part of the TFT 30' and part of the TFT 31 ' the first and second 
predetermined voltage Vg[ ( + ) and VJi (-) are applied to the appropriate nth row and mth column conductors 
7a and 8a, respectively as described above with reference to Figure 4, with - /2 about equal to or 

50 close to the critical voltage Vc( + ) above which charge trapping occurs in the gate insulating region. Charge 
will therefore be trapped In the part of the gate insulating region adjacent the overlap region 16a of the TFT 
30' so stressing its transistor TI and causing a change in its threshold voltage. Charge will also be trapped 
in the part of the gate insulating region adjacent the overlap region 16b of the TFT 31' so stressing its 
transistor T2 and causing a charge in its threshold voltage. As discussed above the trapped charge can be 

55 sensed as a decrease in current to provide an indication that data, e.g. a logical 1 , has been stored at the 
memory location Mn,„ or data point represented by the intersection of the nth row and mth column 
conductor. 
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In order to explain how data is read from a semiconductor memory device having an array formed of 
the type of transistor shown in Figure 9, reference will first be made to a single TFT, in this case the TFT 
31' in which the transistor 72 has been stressed by the application, as described above, of the write 
voltages via the nth row and mth column conductors 7a and 8a. 

5 If, during reading, the third predetermined voltage is applied to the nth row conductor 7a and the 
positive fourth predetermined voltage is applied to the m + lth column conductor 8b then, considering 
only the TFT 31 ', the transistor T5 will be off and the transistor T4 will be on so that the transistor T1 (and 
any charge stored thereat) is bypassed and only the charge stored at the transistor T2 is sensed. If the 
fourth predetermined voltages had been applied to the mth column conductor 8a then, again considering 

10 only the TFT 31', the transistor T5 would be on so bypassing the transistor T2 while the transistor T4 would 
be off enabling any charge stored at the transistor T1 to be sensed. Accordingly charge trapped at opposite 
ends (at the transistors T1 and T2 in equivalent circuit terms) can be separately sensed and uniquely 
detected enabling as discussed above each TFT 3' to store data representing two different bits. 

It will be appreciated from the above that, in order to read data from a memory location, in this example 

15 the memory location Mn,m. of a semiconductor memory device in accordance with the invention having 
TI=T's with a structure similar to that shown in Rgure 9, the mth column conductor 8a from which the data 
is to be read should be at a potential which is negative with respect to the adjacent (m-1 and m + 1 ) column 
conductors. Thus, In the example given above, the mth column conductor 8a may be at ground while the 
remaining column conductors are at the positive fourth predetermined voltage . The row and column 

20 drive arrangements 90 and 100 may be similar to those shown in Rgure 1 with, of course, suitable 
modification of the control or logic inputs to enable the appropriate voltages to the applied. 

It will be appreciated from the above that the operation of a semiconductor memory device using the 
type of TFT 3' shown in Figure 9 differs from the operation of a semiconductor memory device using the 
type of transistor shown in Figures 2 and 3 by virtue of the fact that in the former case, that is with so-called 

25 type B TFT 3', the direction of current flow through the TFT is the same for both reading and writing of data 
to a specific memory location while for the TFT 3 shown in Figures 2 and 3 the direction of current flow is 
reversed between writing and reading operations. 

Also, although in the example described with reference to Rgures 2 to 4, the second and fourth 
predetermined voltages (-) and ( + ) are of opposite polarity and applied to the same mth column 

30 conductor 8a so a to achieve current flow in opposite directions during writing and reading, provided that 
the difference between the third and fourth predetermined voltages does not reach the critical voltage, the 
same reversal of polarity could be achieved by using fourth and second predetermined voltages of the 
same polarity and grounding the mth column conductor 8a while applying the fourth predetermined voltage 
to the remaining column conductors. Similarly in the Figures 9 and 10 (example, the second and fourth 

35 predetermined voltages and may be of the same polarity and applied to the same column conductor 
8a with the others grounded so that current flow is in the same direction for reading and writing. Again, care 
would be needed to ensure that the critical voltage is not reached during the reading operation. 

Figure 1 1 illustrates graphically experimental transfer characteristics (square root of the source drain 
current against gate voltage) obtained for a TFT 3' of the type shown in Rgure 9 where the TFT 3' has a 

40 gate insulating region thickness of 400nm and a conduction channel width to length W/1 ratio of 5.07 to 
which a first predetermined voltage VJ of 40 volts and a second predetemiined voltage of -30V were 
applied for 1000 seconds. In this example the second predetermined voltage was applied to the main 
electrode 4. The dashed lines g1 and g2 illustrate the transfer characteristic without application of the first 
and second predetermined voltages \^ and V|a , with the dashed line g1 representing the characteristic 

45 obtained with the fourth predetermined voltage applied to the other main electrode 5 and the dashed line 
g2 representing the characteristic obtained with the fourth predetermined voltage applied to the same 
main electrode 4. 

The solid lines hi and h2 show analogous curves for the situation after the application of the first and 
second predetermined voltages with hi showing the curve for the fourth predetermined voltage V3 of +30V 

50 applied to the other main electrode 5 and h2 with the fourth predetermined voltage applied to the same 
electrode 4. The third predetermined reading gate voltage is the same as the first voltage . As is clear 
from Rgure 1 1 , the charge stored adjacent the transistor T2 can be uniquely determined. 

The present invention has been described above with reference to the use of charge trapping within the 
gate insulating region as the mechanism for enabling data storage within the array 2. However charge 

55 trapping is only one of two possible mechanisms which may be taken advantage of. Thus, the threshold 
voltage shift induced by the electrical field applied by the first and second predetermined voltages may be 
derived either as a result of charge trapping in the gate insulating region as discussed above or as a result 
of the creation of states within the conduction channel region. These two mechanisms have different bias, 
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time and temperature dependencies as discussed in, for example, tlie following papers Powell M.J, van 
Berkel C, French I.D. and Nicholls D.H; "Bias Dependence of Instability Mechanisms in Amorphous Silicon 
Thin Film Transistors", published in Applied Physics Letters, Vol. 51, page 1242 (1989) and Powell M.J, van 
Berkel C and Hughes J.R; "Time and Temperature Dependence of Instability Mechanisms in Amorphous 

5 Silicon Thin Film Transistors", published in Applied Physics Letters, Vol. 54, page 1323 (1989). 

At room temperature and moderately long stressing times (for example 1000 sec), state creation 
dominates at lower biases (that is at voltages having a magnitude less than that required to enable charge 
trapping) while charge trapping takes over at higher bias. State creation is a relatively slow process at room 
temperature, but strongly increases with increasing temperature. Charge trapping is faster at short times 

10 than state creation; it is also temperature independent. 

The important difference between the two mechanisms for the purposes of this invention is that, as 
discussed above, charge trapping can be reversed by application of a sufficiently strong bias of opposite 
polarity while the state creation takes place at both positive and negative bias stress (albeit at different 
energy positions within the band gap) as indicated by the dashed line Y in Figure 5. State creation can only 

76 be reversed by annealing at temperatures larger than 180°C. Accordingly, the present invention may be 
used to provide an electrically programmable and erasable read only memory (EEPROM) by selecting the 
voltages and duration of the first and second predetermined voltages \^ and V^ such that the resultant 
threshold voltage shift AVj is due to charge trapping or to provide a programmable read only memory 
PROM) whose contents can only be changed by annealing at high temperature by selecting the first and 

20 second predetermined voltages such that charge in current conductive characterisb'cs is because the 
threshold voltage shift Is due to state creation. 

Although in the examples described above, the semiconductor memory device is a digital device 
storing charge representing either a logical '0' or a logical '1', it would be possible for the semiconductor 
memory device in accordance with the invention to store data representing more than two different levels 

25 by selecting different values of threshold voltage change to represent different data levels. Thus, referring to 
Figure 5, a threshold voltage charge below a first value AVT1 would be taken to represent a first data value, 
for example 1, a threshold voltage change in the range between AVT1 and AVT2 could be taken to 
represent a second data value, for example 2, and so on. 

It will also be appreciated that although ttie presence of charge has been taken on the above examples 

30 to represent a logical '1' and the absence of charge has been taken to represent a logical '0', these 
designations could be reversed. 

Although the above-described examples use n-channel TFTs the present invention could possibly be 
applied to p-channel devices with appropriate modification of voltage polarities etc. 

Although the above-described examples relate to semiconductor memory devices manufactured using 

35 thin film technology, the present invention could be applied to other semiconductor technologies for 
example the so-called SOI (silicon on insulator) technology in which crystalline silicon is provided on an 
insulating layer or region or to bulk single crystal semiconductors, for example silicon, technologies where 
the IFETs are in the form of MNOS transistors that is where the gate insulating region is formed by a 
nitride/oxide combination, or other suitable charge trapping combination. Also, semiconductor materials 

40 other than silicon could be used. However the present Invention has particular advantages when applied to 
thin film technology because the normal mechanism used for data storage in bulk semiconductor IGFETs, 
namely hot electron injection, is not practical. Furthermore, the present invention is particularly suited to an 
inverted staggered TFT technology because both the gate insulating region and the conduction channel 
region can be readily defined by the gate electrode pattern as discussed above with reference to Figures 2 

45 and 3. 

From reading the present disclosure, other modifications and variations will be apparent to persons 
skilled in the art. Such modifications and variations may involve other features which are already known in 
the semiconductor art and which may be used instead of or in addition to features already described herein. 
Although claims have been formulated in this application to particular combinations of features, it should be 

50 understood that the scope of the disclosure of the present application also includes any novel feature or any 
novel combination of features disclosed herein either explicitly or implicitly, whether or not it relates to the 
same invention as presently claimed in any claim and whether or not it mitigates any or all of the same 
technical problems as does the present invention. The applicants hereby give notice that new claims may 
be formulated to such features and/or combinations of such features during the prosecution of the present 

55 application or of any further application derived therefrom. 
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Claims 

1. A semiconductor memory device comprising an array of rows and columns of field effect transistors 
(FETs) providing memory locations for storing data, each FET having a conduction channel region 

s extending between first and second main electrodes and a gate electrode for controlling conduction 
along the conduction channel region, and row and column conductors, the gate electrodes of the FETs 
in each row being connected Id a respective row conductor and the first and second main electrodes of 
the FETs in each column being connected to respective adjacent column conductors so that the 
second main electrodes of the FETs In one column are connected to the first electrodes of the FETs in 

10 any adjacent column, and circuitry for storing data at and reading data from the memory locations, the 
circuitry comprising means for storing data at a desired memory location by applying a first predeter- 
mined voltage to a selected row conductor and a second predetermined voltage to a selected column 
conductor for establishing within each FET which has its gate electrode connected to the selected row 
conductor and one main electrode connected to the selected column conductor an electric field for 

75 causing a change in the current conduction characteristics of the part of its conduction channel region 
adjacent the selected column conductor when the difference between the first and second predeter- 
mined voltages exceeds a critical voltage so that data is stored at the desired memory location which is 
provided by the respective part of the conduction channel region adjacent the selected column 
conductor of each FET connected to the selected column conductor. 

20 

2. A semiconductor memory device according to Claim 1, wherein each memory location Is defined by 
part of the conduction channel region of each of two adjacent FETs with adjacent memory locations 
being defined by adjacent conduction channel parts. 

25 3. A semiconductor memory device according to Claim 1 or 2, wherein the means for storing data at a 
selected memory location is arranged to apply the first and second predetermined voltages for 
sufficient time and to establish a sufficient electric field within each FET connected to both the selected 
row and the selected column conductor to cause the current conduction characteristics of the part of its 
conduction channel region adjacent the selected column conductor to be altered by state creation 

30 within the conduction channel region. 

4. A semiconductor memory device according to Claim 1, 2 or 3, wherein the field effect transistors 
comprise Insulated gate field effect transistors having a gate Insulating region separating the gate 
electrode from the conduction channel region and wherein the means for storing data at a selected 

35 memory location is arranged to apply the first and second predetermined voltages for sufficient time 
and to establish a sufficient electric field within each FET connected to both the selected row and the 
selected column conductor to cause the current conduction characteristics of the part of its conduction 
channel region adjacent the selected column conductor to be altered by charge trapping within the gate 
insulating region. 

40 

5. A semiconductor memory device according to Claim 4, wherein means are provided for erasing data 
stored within the array by applying a predetermined voltage of opposite polarity to and of a magnitude 
greater than the critical voltage to one or more selected row conductors. 

45 6. A semiconductor memory device according to Claim 1, 2, 3, 4 or 5, further comprising means for 
reading data from a desired memory location defined by a selected row and a selected column 
conductor by applying a third predetermined voltage to the selected row conductor and by applying 
predetermined voltages to the column conductors such that current flows through any FET connected 
to both the selected row and the selected column conductor in a direction in which the level of current 

50 flow Is determined primarily by the current conduction characteristics of the part of the conduction 
channel region adjacent the selected column conductor and detecting the said cun'ent. 

7. A semiconductor memory device according Id Claim 5, wherein the field effect transistors comprise thin 
film transistors and the means for reading data stored at a memory location comprises means for 
55 applying a fourth predetermined voltage of the opposite polarity to the second predetermined voltage to 
the selected column conductor. 
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8. A semiconductor memory device according to Claim 7, wherein the array of thin film transistors 
comprises a first conductive layer provided on an insulative substrate and divided into a first series of 
conductive strips which define the gate electrodes of the TFTs integrally with the row conductors, an 
Insulating layer covering the first series of conductive strips and defining the gate insulating regions, a 
s not-intentionally doped semiconductor layer provided on the insulating layer to define the conduction 

channel regions of the thin film transistors and a second conductive layer divided into a second series 
of strips extending transversely of the first series to provide the main electrodes of the TFTs integrally 
with the column conductors. 

10 9. A semiconductor memory device according to Claim 6, wherein the field effect transistors comprise thin 
film field effect transistors having their gate electrodes on one side and their first and second main 
electrodes on the other side of the conduction channel region with the first and second main electrodes 
being isolated from but overlapping the conduction channel region and wherein the means for reading 
data stored at a memory location comprises means for applying a fourth predetermined voltage to 

?6 produce a current flow in the same direction to that which would be produced by the second 
predetermined voltage. 

10. A method of storing data in a semiconductor memory device comprising an an-ay of rows and columns 
of field effect transistors (FETs) providing memory locations for data, each FET having a conduction 

20 channel region extending between first and second main electrodes and a gate electrode for controlling 
conduction along the conduction channel region, and row and column conductors, the gate electrodes 
of the FETs in each row being connected to a respective row conductor and the first and second main 
electrode of the FETs in each column being connected to respective adjacent column conductors so 
that the second main electrodes of the FETs In one column are connected to the first electrodes of the 

25 FETs in any adjacent column, which method comprises applying a first predetermined voltage to a 
selected row conductor and a second predetermined voltage to a selected column conductor for 
establishing within each FET which has its gate electrode connected to the selected row conductor and 
one main electrode connected to the selected column conductor an electric field for causing a change 
in the current conduction characteristics of tlie part of its conduction channel region adjacent the 

30 selected column conductor when the difference between the first and second predetermined voltages 
exceeds a critical voltage so that data is stored at the desired memory location which is provided by 
the respective part of the conduction channel region adjacent the selected column conductor of each 
FET connected to the selected column conductor. 

35 11. A method according to Claim 10, which comprises applying the first and second predetermined 
voltages for sufficient time and to establish a sufficient electric field within each FET connected to both 
the selected row and the selected column conductor to cause the current conduction characteristics of 
the part of its conduction channel region adjacent the selected column conductor to be altered by state 
creation within the conduction channel region. 

40 

1Z A method according to Claim 10, which comprises providing the field effect transistors as insulated 
gate field effect transistors each having a gate insulating region separating the gate electrode fi-om the 
conduction channel region and which comprises applying the first and second predetermined voltages 
for sufficient time and to establish a sufficient electric field within each FET connected to both the 
45 selected row and the selected column conductor to cause the current conduction characteristics of the 
part of its conduction channel region adjacent the selected column conductor to be altered by charge 
trapping within the gate insulating region. 

13. A method according to Claim 12, which comprises erasing data stored within the array by applying a 
50 predetermined voltage of opposite polarity to and of a magnitude greater than the critical voltage to one 

or more selected row conductors. 

14. A method of reading data stored using a method in accordance with any one of claims 10 to 13, which 
method comprises applying a third predetermined voltage to the selected row conductor and applying 

55 predetermined voltages to the column conductors such that current flows through any FET connected 
to both the selected row and the selected column conductor in a direction in which the level of current 
flow is determined primarily by the current conduction characteristics of the part of the conduction 
channel region adjacent the selected column conductor, and detecting the said current. 
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15. A method of manufacturing a thin film transistor array In which the thin film transistors (TFTs) each 
have first and second main electrodes and a gate electrode and are arranged in rows and columns with 
the gate electrodes of the TFTs in each row being connected to a respective row conductor and the 
first and second main electrodes of the TFTs in each column being connected to a respective column 
conductor, which method comprises providing on an insulating substrate a first conductive layer divided 
Into a first series of conductive strips for defining the gate electrodes integrally with the row electrodes, 
providing an insulating layer to cover the first series of conductive strips, providing a non-intentionally 
doped semiconductor layer on the insulating layer for defining the conduction channel regions of the 
thin film transistors, pn>viding a photosensitive masiting layer over the semiconductor layer, illuminating 
the photosensitive masking layer through the substrate, removing the unexposed areas of the photosen- 
sitive masking layer thereby exposing areas of the semiconductor layer, removing the exposed areas of 
the semiconductor layer so as to define, in alignment with the first series of conductive strips, 
semiconductor strips for forming conduction channel regions of the TFTs exposed areas and providing 
on the semiconductor layer a second conductive layer as a second series of strips extending 
transversely of the first series for defining the first and second main electrodes of the TFTs integrally 
with the column conductors. 

16. A method according to claim 15, which comprises providing the second series of strips after forming 
the conduction channel regions. 

17. A method according to claim 15, which comprises providing the second series of strips on the 
semiconductor layer before providing the photosensitive masking layer over the semiconductor layer. 



EP 0 588 402 A2 





19 



EP 0 588 402 A2 




FIG.4 



EP 0 588 402 A2 



A¥t[ 














Vg-Vim-VIY) 



FIG.5 




21 



EP 0 588 402 A2 




EP 0 588 402 A2 




23 



